proposed (22) 
9. G. McDermott et al., Nature 374, 517 (1995) 
10. Purification and crystallization: A. carterae was cultivated as reported previously (2) , and PCP was purified from a water-soluble algal extract by size-exclusion chromatography and chromatofocusing. Crystals grew in the monoclinic space group C2 with cell dimensions of a = 198.4A, b = 116.3A, c = 67.0A, and = 94.90.
PCP is present as a trimer with an overall weight-average molecular weight of 1 14 kD in the asymmetric unit. The absorption spectrum is unchanged by the crystallization process. PCP crystals were grown at 1 7°C in hanging drops containing 5 mg of protein per milliliter, 4
to 6% PEG8000 (PEG, polyethylene glycol) in the crystallization buffer [100 mM MgCI2, 50 mM KCI, 24 mM triethylammoniumphosphate buffer, and 50 mM tris-HCI (pH 5.8) or 100 mM MgCI2, 50 mM KCI, and 25 mM MES-KOH (pH 5.8)] with a reservoir of 8 to 12% PEG8000. For heavy-atom screening, crystals were transferred to droplets of equivalent PEG concentration in MES crystallization buffer containing the heavy-atom compound. 11. A. Rawlyer, M. Meylan-Bettex, P. A. Siegenthaler, Biochim. Biophys. Acta 1233 , 122 (1995 .
12. Using a distance cutoff of 3.8 A in the program 0 (23), we aligned 149 C. atom pairs. Residues 151 through 163 are in extended conformation and connect the NH2-and COOH-terminal halves; consequently, they do not obey twofold local symmetry.
13. J. Richardson, Adv. Protein Chem. 34,167 (1981 (10) were measured from one crystal on a FAST area detector at CNRS (Grenoble, France) to a maximum resolution of 3.2 A. The crystal structures were solved by the molecular replacement procedures as implemented in the program X-PLOR (24) . In both cases, we used a trimer of PCP as the search model and obtained unambiguous solutions of the rotation and translation functions. After rigid body refinement, the R factor was less than 30% for both crystal forms. functional motor recovery after cortical injury. It is assumed that other parts of the motor system must "take over" the func-tion of the damaged cortex, but the precise neural mechanisms by which lost functions are regained are poorly understood (4) . Early studies suggested that lost cortical functions are assumed by the cortical tissue adjacent to the zone of injury (5) . Others have suggested that cortical motor areas in the same or opposite hemisphere, or subcortical structures, may play a role in recovery (6) . Despite more than a century of study, direct experimental evidence for any one of these hypotheses is scarce.
In the 1950s, Glees and Cole used surface stimulation techniques to show that, after a lesion of the thumb representation area in the motor cortex, the thumb representation reappeared in a zone surrounding the infarct (5) . Although maps of motor topography were not presented, this study is one of the earliest direct demonstrations of a representational change within the cerebral cortex after a focal injury. Few comparable studies have been done since the introduction of contemporary intracortical microstimulation (ICMS) techniques (7) .
To examine lesion-induced plasticity in the primary motor cortex (also called MI or area 4) of primates in more detail, we have used ICMS techniques to derive detailed maps of the hand representation in adult squirrel monkeys before and after focal ischemic infarcts. ICMS procedures are now widely used for mapping the functional topography of the motor cortex (8) (9) (10) . In a previous study with ICMS techniques, we examined spontaneous reorganization after infarct (10) and showed that movements represented in the infarcted zone did not reappear in the cortical sector surrounding the infarct. Instead, hand movement representations adjacent to the infarct that were spared from direct injury underwent a further loss of cortical territory.
Because we did not use any specific motor training procedures in our initial study, it is possible that such losses in the representational area of the hand are the direct result of diminished use of the affected hand (8, 10) . Conversely, it is possible that rehabilitative training after the injury could result in enhancement of representational plasticity and of functional motor recovery. To explore this latter possibility, we conducted the following experiments. First, four monkeys underwent a training procedure that required skilled use of the hand to retrieve food pellets from small wells (11). Two days after behavioral criteria were at- tained, we applied ICMS mapping techniques (12). From these physiological studies, motor maps were drawn that outlined cortical efferent zones, the intracortical stimulation of which evoked specific movement subsets (13). Infarcts were then induced by bipolar electrocoagulation of a small vascular bed over an electrophysiologically identified portion of the motor cortex hand area (14). Within 5 days after the infarct, monkeys began an intensive behavioral retraining procedure identical to that used before the infarct, which was co'ntinued until preinfarct performance levels were attained. In three of the four monkeys, the ICMS mapping procedure was then repeated (15).
The infarct initially resulted in a marked deficit in the ability to retrieve food pellets, especially from the smallest wells. In the first several days after the infarct, movements were slow and monkeys had difficulty placing fingers into the smallest target wells. Manual skill, as measured by the total number of finger flexions per pellet retrieval, was markedly reduced and was more variable from trial to trial. More specifically, the number of flexions per retrieval from the smallest well on the final day of preinfarct training was 1.8 + 0.92, 2.7 + 0.82, 2.0 + 0.82, and 7.4 ± 4.0 (means + SD) for monkeys 1 through 4, respectively. During the initial period of rehabilitative training after the infarct, these values increased to 7.5 + 7.8, 7.8 ± 7.3, 50.3 ± 59.9, and 17.4 + 17.4, respectively (16) . However, skill improved and variance decreased rapidly during the subsequent several days of rehabilitative training (Fig. 1) . In contrast, hand function was normal in the largest wells throughout the postinfarct period. Training continued until preinjury performance levels were achieved with the smallest well (3 to 4 weeks). On the final day of rehabilitative training, the number of flexions per retrieval was 1.5 ± 0.85, 1.6 + 0.70, 2.9 ± 2.6, and 8.2 ± 4.1, respectively.
In two monkeys, a period of rapid improvement in manual skill was followed by a relapse to skill levels apparent immediately after the infarct. This period of relapse was then followed by a second period of rapid improvement and stabilization within the normal range ( Fig. 1) der. This invasion occurred over distances uf tip to 3 mm. Quanititative assessment of representational area showed a net expansion of the hand area in the zone immediately suLrrounding the infarct in two retrained monkeys and no change in the third (20.5, 14.6, and -0.3%, respectively; meran, 11 .6%) (Fig. 2) . In one animcal, expansion resulted in a hand representation that was larger than the entire representation before the infarct, including the infarct zone. When the hand representation was subdivided into digit and wristforearm representations, the digit area increased in two retrained mo)nkeys and decreased in a third (14.9, 6.5, and -32.7%, respectively), althouLgh thc mean change was small (3.8%), which was similar to chalnges seen in control animals. However, tlhe wrist-forearm area increased in each of the three retrained monkeys (58.5, 22.6, and 80.0%, respectively), with a mean increase of 53 7%S
Comparison of the changes in motor representations among the control, rehabilitation, and previously described spontaneous recovery (10) groups revealed several statistically significant differences ( 18). The percentage change in each of the three movement categories differed significantly among the three groups (hand, F = 7.94, P 0.013; digit, F = 8.15, P = 0.012; and wrist-forearm, F = 6.53, P 0.021). Post hoc analysis verified our previous data showing that the hand and digit areas decreased significantly in the spontaneous recovery group when compared with controls (10) . The present results reveal that changes in the areal extent of movement representations did not differ significantly between rehabilitation and control groups (hand, mean difference = 15.6%, P = Fig. 2 (8, 21 iological reorganization that inevitably occurs in the adjacent, intact tissue. It is possible that functional reorganization in the motor cortex underlies the improvement in motor function seen in human stroke patients undergoing similar rehabilitative therapy. In chronic stroke patients, Taub et al. (23) showed that constraint of the upper extremity of the unaffected limb for 14 days results in long-term improvement of motor function in the impaired limb. Our previous study of reorganization in the motor cortex after spontaneous recovery from a focal infarct implies that, in the absence of postinjury rehabilitative therapy, the surrounding tissue undergoes a further territorial loss in the functional representation of the affected body part (10) . Whether this loss is due to "learned nonuse" (23) spp.) were used in the present study. Four monkeys were randomly assigned to a training group and four to a control group (no infarct, no training). The control group served to assess the relative stability of ICMSderived motor maps in the absence of any manipulation other than the mapping procedure itself. After determination of hand preference (8), a jacket was placed on each monkey with a sleeve that extended the length of the nonpreferred forelimb, covering the hand. The monkey wore the jacket for the remainder of the experiment (both pre-and postinfarct periods), except during surgical procedures. In normal monkeys, this jacket does not markedly impair pellet retrieval. Training was conducted with a rectangular Plexiglas board containing five food wells of different diameters, ranging from 9.5 to 25 mm. Two 30-min sessions were conducted per day. The target well size was gradually titrated to produce progressively more retrievals from the smaller wells, until all training trials were conducted on the smallest well. Preinfarct training continued until 600 pellets were retrieved from the smallest well on each of two consecutive days (criterion performance). On the two subsequent preinfarct days, sessions consisted of 25 probe trials followed by training trials. During probe trials, a single 45-mg banana-flavored food pellet was placed randomly into one of the five wells, and the animal was allowed to retrieve it. During training trials, a single food pellet was placed into the target well. Sessions consisting of a combination of probe and training trials were continued during the postinfarct period to track recovery. 12. Under sterile conditions and halothane-nitrous oxide anesthesia, the primary motor cortex was exposed. A small cylinder was fitted over the opening and filled with warm, sterile silicone oil. Halothane was withdrawn, ketamine-acepromazine was administered, and vital signs were monitored throughout the remainder of the experiment. A glass micropipette filled with 3.5 M NaCI served as the microelectrode. It was introduced on a fine grid pattern, sited with reference to the surface vasculature (interpenetration distances of -250 pLm), and then advanced perpendicular to the cortical surface to a depth of 1700 to 1800 ,um (layer V).
Movement fields were defined by determining movements evoked by ICMS with near-threshold current levels (maximum current, 30 RA). For further details of these procedures and a discussion of the possible sources of variation in ICMS-defined motor maps, see (8, 9) . 13. A computer algorithm was used to delineate functional boundaries of movement representations unambiguously. The hand representation, as defined here, comprises cortical regions in which ICMS evoked distal forelimb movements at near-threshold current levels. These distal forelimb movements include finger, thumb, wrist, and forearm (supination and pronation) movements but exclude elbow and shoulder movements. The mosaical representations of movements in the primary motor cortex have been noted in several mapping studies in primates, including humans (8, 22) 
